Translated by P. Curtis
Cyclic acetals of the 1,3-dioxolane series and their derivatives are used as monomers for the production of polymers possessing a combination of useful properties [1] [2] [3] and solvents for cellulose ethers [4] . They merit attention not only as valuable intermediate compounds in organic synthesis [5] but also as effective plasticisers/ modifiers for polymer composite materials [6, 7] .
It is well known that the modification of polymers and epoxy oligomers with small additions in order to create composite materials with new or improved characteristics, including increased fire resistance, biostability, and so on, is now a rapidly developing area of polymer chemistry [8] . In this respect, modified epoxy resins ensuring the manufacture of the strongest composite materials with high physicomechanical and thermophysical characteristics are predominant. However, the flammability and comparatively low heat resistance of the latter limits considerably the area of their application.
On the basis of the above, taking into account that 1,3-dioxolane derivatives possess good compatibility with bisphenol A epoxy resin, and that the combination in the molecules of the tested compounds of a 1,3-dioxolane ring with an alicyclic fragment may play an important role in increasing the thermophysical properties of epoxy composites [9] , this work sets out the results of investigating the synthesis of 2,4-disubstituted 1,3-dioxolanes by the interaction of 3-cyclohexene-1-carboaldehydes with functionally substituted 1,2-propanediols, and then, by condensation of the obtained 4-chloro(chloroalkoxy)methyl-2-(3-cyclohexenyl)-1,3-dioxolanes with hexachlorocyclopentadiene (HCCPD), the synthesis of adducts combining in their molecules a five-membered rigid 1,3-dioxolane ring with a hexachlorocontaining norbornene skeleton. The effectiveness of the latter as modifier/fireproofing agents for bisphenol A epoxy composites cured by polyethylenepolyamine (PEPA) is shown.
The synthesis of the initial unsaturated 1,3-dioxolanes I to III and their derivatives IV to VI was carried out by the procedure used by Kerimov [10] and Onishchenko [11] according to Scheme 1.
The composition of compounds I to III and their transformation products IV to VI was confirmed by elemental analysis, and their structure by MR D data and 1 H NMR and IR spectra.
Compounds IV to VI are high-boiling, comparatively low-viscosity individual products. Some of their properties are given in Table 1 . ]undec-9-en-5-yl)-4-(2-chloro-1-chloromethylethoxy)methyl-1,3-dioxolane (VI).
It was established that, with the plasticisation/ modification of resin ED-20 by compounds IV to VI with subsequent curing by PEPA, all the characteristics of the obtained materials are improved (by comparison with a PEPA-cured, unmodified ED-20 composite) (see Table 2 ), which is explained, it seems, by the compound introduced into the composite participating in the crosslinking process. This can occur both through hydrogen atoms with increased acidity, which are present in the fivemembered heteroring in the C 2 -C 4 position, and with the participation of chlorine atoms and curing agent with the formation of intramolecular salts [12] . The relatively increased mechanical properties and dielectric strength of the obtained materials seem to be due to effective packing of the components of the composite and in particular carbocyclic fragments (hexachloro-substituted norbornene skeleton) in the molecules of the additives introduced into the composites. Here, the presence in the molecules of the latter of a five-membered heteroring with vicinal oxygen atoms ensures good compatibility of ingredients of the composite and plays a definite role in improving their properties.
The process of modification was conducted in the following way. Into ED-20 resin heated to 80°C was introduced one of the given compounds IV to VI in the range 10-30 parts, and during intensive stirring 20 parts PEPA was added in portions. Each composite was cured by a stepped regime in standard moulds at room temperature for 24 h, and then the specimens were subjected to heat treatment for 2 h at 80°C and for 2 h at 120°C, after which the corresponding physicomechanical properties of the obtained materials were determined. Dielectric permittivity and the dielectric loss tangent were measured using a TR-9701 alternating current bridge. The dielectric strength of the specimens was determined using ball-and-plane electrodes with a specimen thickness of 0.4 mm. The test results are given in Table 2 . For comparison, the corresponding properties of an ED-20 composite cured by PEPA without a modifier are also given.
As is shown in the data in Table 2 , the created composites are superior in all properties to an unmodified ED-20 composite, and in contrast to the latter possess self-extinction ( Table 2) , and consequently they can be used in electrical engineering and in particular as effective sealing casting composites in the electrical machinery industry. 
